Introduction
In the USA, approximately 900,000 older adults with limited incomes live in public housing, with racial and ethnic minorities comprising most of the tenants [1] . Older adult public housing residents tend to have low levels of education, be socially isolated, and have high levels of medical illness and functional impairment [2] [3] [4] . Each of these characteristics has been associated with an increased risk for cognitive impairment [5] [6] [7] . Moreover, almost half of public housing residents are non-Hispanic blacks [1] , a group that has an elevated risk for cognitive impairment, with a non-public housing sample of African-Americans having a 4.4 times increased risk compared to whites (OR 4.4; 95 % CI 3.2-5.7) even after controlling for age, education status, and medical comorbidities [8] .
Cognitive impairment also has been associated with commonly occurring mental disorders, including anxiety, depression, and alcohol abuse [9, 10] . In public housing, the prevalence of late-life mental illness is 1.5 times higher than in a community-matched sample [11] and there are high levels of late-life anxiety and depression [3, 12] . Furthermore, cognitive impairment is a major predictor of institutionalization [13] , which is in turn associated with decrements in quality of life and greatly increased cost. For public housing residents, cognitive impairment was one of the strongest risk factors for subsequent nursing home placement in multivariable analyses (OR = 10.2; 95 % CI = 3.7-28.6) [4] .
Although older public housing residents have demographic and medical characteristics that may place them at risk for cognitive impairment, the influence of these factors has been largely unexamined in public housing. A study conducted of 945 residents aged 60 years and older living in Baltimore public housing facilities estimated the prevalence of cognitive disorders to be 10.5 % using a combination of the Mini-Mental Status Examination and criteria from the Diagnostic and Statistical Manual of Mental Disorders, 3rd Edition [11] . A much smaller pilot study of rural older adult public housing residents (n = 20) estimated the prevalence of cognitive impairment to be 15 % [14] . Although the Baltimore study examined the correlates of unmet mental health care need, which included cognitively impaired residents with prominent psychiatric symptoms [15] , neither study specifically evaluated the correlates of cognitive impairment in this population.
There is also limited understanding regarding the influence of cognitive impairment on the utilization of health and supportive services (e.g., transportation assistance, on-site social workers) among public housing residents. Some preliminary evidence from other settings suggests that those with advanced cognitive impairment may rely less on problem solving (an adaptive coping strategy) [16] and that cognitive impairment is associated with increased use of home health care (OR = 3.4; 95 % CI 1.8-6.4) and social services (OR = 2.3; 95 % CI 1.1-4.9) [17] . Distinguishing public housing from many other communities with low-income, community-dwelling older adults is that public housing complexes frequently provide a variety of on-site services including social worker and transportation assistance [18] . Such on-site services may play an important role in helping residents with cognitive impairment maintain their independence.
Public housing residents comprise a vulnerable population with considerable social and medical needs. In addition to these resident characteristics, many public housing facilities provide a uniquely supportive environment for low-income older adults (e.g., inexpensive rent and utilities, security services, resident councils) with many on-site services. In consideration of these resident-and facilitylevel characteristics, it is possible that the prevalence of cognitive impairment may be much higher in public housing than it would be in a different sample of community-dwelling older adults living in a less supportive environment. For our study situated in Western New York, we aimed to add to the sparse literature on the public housing setting by examining the prevalence and correlates of cognitive impairment and its association with service utilization. Based on prior research, we hypothesized that older adult public housing residents with cognitive impairment will have differences in the socio-demographic (e.g., less education), associated mental illness (e.g., more depression), physical health and disability (e.g., more functional impairment), coping mechanisms and social support (e.g., less social support), and service utilization (e.g., more utilization of services) domains compared to residents without cognitive impairment. Estimating the prevalence of cognitive impairment and identifying correlates (which may precede cognitive impairment, be a consequence of it, or both) will help determine which residents may require additional services to maintain optimal independent functioning.
Methods

Study setting
From 2009 to 2010, we conducted a cross-sectional study to examine the psychiatric illness among people living in four public housing high rises reserved for adults aged 50 years and older in Rochester, a city in Western New York. In these high rises there were 553 residents; 53 % were female, 75 % were non-Hispanic, 61 % were black, and 72 % were aged 60 years and older.
Sample
English-speaking residents aged 60 years and older with a capacity to demonstrate informed consent were eligible to participate in a 1-3 h interview. The interview examined characteristics spanning multiple socio-demographic and health domains, with participants receiving $25. We evaluated the capacity to provide informed consent with questions assessing the participants' understanding of the study. Eight residents were unable to demonstrate the capacity for informed consent, six of whom were too cognitively impaired to understand our study. The two other residents unable to provide informed consent could not speak or comprehend English well. We did not use proxy informants. This study was approved by the University of Rochester Human Subjects Review Board.
One hundred and ninety (180 non-Hispanic, 10 Hispanic) residents participated in the interview. Some residents had incomplete cognitive information and, unless otherwise noted, the study analyses consisted of 188 residents. As described elsewhere [12] , we estimated a 62 % response rate for the eligible non-Hispanic residents, of whom participants were younger than non-participants (66 vs. 72 years; z = 3.749, P \ 0.001), but did not differ by race or gender. We were unable to estimate a response rate for the Hispanic residents because English-speaking status was unknown for 52 % of them. Of the 13 Hispanic residents known to be English speaking, we interviewed 10.
Cognitive impairment
Cognitive status was determined by the Mini-Cog test, a brief cognitive impairment screening tool for dementia [19] . The Mini-Cog is well suited to our study because it relies heavily on the clock drawing test, which performs well in an ethnically, linguistically, and educationally diverse group of older adults [20] . In addition to the clock drawing test, the Mini-Cog includes a three-item recall. A positive cognitive impairment screen on the Mini-Cog requires: (1) an incorrect clock drawing and at least one incorrect item on recall or (2) three incorrect items on recall. The Mini-Cog has a sensitivity of 99 % and specificity of 93 % for identifying those with a probable dementia diagnosis as determined by a protocol that was modified slightly from the consortium to establish a registry for Alzheimer's disease and included interviews with knowledgeable informants [19] .
Covariates
We examined variables that spanned five domains to provide a context for characterizing cognitive impairment, analogous to our examination of anxiety and depression in this population [12] .
Socio-demographics domain
Self-report provided information on age, education, gender, ethnicity, race, marital status, and living status.
Associated mental health domain
We assessed anxiety with the Generalized Anxiety Disorder (GAD-7) Scale, a seven-item scale scored from 0 to 21. A score of ten or higher has a sensitivity of 68 % and specificity of 88 % for detecting either panic, generalized anxiety, posttraumatic stress, or social anxiety disorder [21] . We evaluated depression with the Patient Health Questionnaire (PHQ-9) Scale, a nine-item scale scored from 0 to 27. A score of ten or higher has a sensitivity and specificity both equal to 88 % for detecting major depression [22] . A lifetime history of a substance use problem was present if the participant: (1) stated that alcohol or drugs had caused a serious social, medical, legal, or occupational problem during her lifetime, (2) endorsed current or past use of illicit drugs (excluding recreational marijuana use), or (3) endorsed addiction to and overuse of prescription medications.
Physical health and disability domain
This domain examined activities of daily living (ADLs) [23] , instrumental activities of daily living (IADLs) [24] , and self-reported physical health status (very bad, poor, fair, good, or excellent). ADL and IADL total impairment scores ranged from 0 to 6 and 0 to 8, respectively. If participants reported having no difficulty with an ADL or IADL, it was scored as a 0; when participants had difficulty or were unable to perform an ADL or IADL it was scored as a 1.
Coping mechanisms, social support, and life events domain
We used the Brief COPE scale with its 14 two-item subscales to evaluate coping [25] . Based on prior coping research [25] [26] [27] , we grouped these 14 subscales into adaptive (humor, planning, using instrumental support, positive reframing, acceptance, religion, using emotional support, and active coping) and maladaptive (substance use, behavioral disengagement, denial, self-distraction, self-blame, and venting) coping, with summary scores ranging from 0 to 48 and 0 to 36, respectively. To examine isolation, the six-item Lubben Social Network Scale assessed family and friend support, with a total score ranging from 0 to 30 [28] . The Multidimensional Scale of Perceived Social Support evaluated perceived social support with 12 questions and a total score ranging from 12 to 84 [29] .
Service utilization domain
We combined items from the Cornell services index, which evaluates health services use [30] , with items from a list of human and healthcare services [31] to characterize the past 3 months of services use. Our modified services use index had summary scores for the number of health (0 to 12) and human services (0 to 13) used. Self-report indicated whether a participant had a regular primary care physician. The 3-month history of receiving assistance from the on-site social worker (yes/no) was determined by examining social worker records.
Statistical analyses
We used basic descriptive statistics (e.g., medians, interquartile ranges) to describe the prevalence of cognitive impairment and the characteristics of the residents.
Bivariate analyses characterized differences between residents who screened positive for cognitive impairment and residents who did not. Differences in categorical variables were tested with Pearson Chi-square and Fisher's exact tests, and differences in continuous variables were examined by the non-parametric Mann-Whitney Test. Based on the bivariate analyses, we included variables with a P B 0.10 in a multivariable logistic regression model with cognitive impairment status as the dependent variable. We considered variables with a P B 0.05 in either bivariate or multivariable analyses to be statistically significantly associated with cognitive impairment. Analyses were performed with SAS statistical software version 9.2 (SAS Institute, Inc., Cary, NC).
Results
Cognitive impairment prevalence
The Mini-Cog results are shown in Table 1 . About half of the residents were unable to correctly perform the clock drawing test (46.5 %) or correctly recall all items on threeitem recall (50.3 %). In total, 27.1 % of the residents screened positive for cognitive impairment.
Correlates of cognitive impairment
In bivariate analyses, residents who screened positive for cognitive impairment were older (71.5 vs. 65.6; P \ 0.001), received less education (\12 grade: 66.7 % vs. 39.4 %; P \ 0.001), lived in the apartment complex longer (median years in apartment complex: 7.0 vs. 5.0 years; P = 0.036), reported worse physical health (P = 0.001), relied less on adaptive coping strategies (P = 0.016), and used more types of health services (median number of services: 2.0 vs. 2.0; mean number of services: 2.6 vs. 2.3; P = 0.042) than residents without cognitive impairment (Table 2) .
Of the seven covariates with a P \ 0.10, two reached statistical significance in a multivariable model. In this model, older age and worse self-reported physical health were associated with cognitive impairment (Table 3) . Specifically, each additional year of age was associated with a 7 % increased risk of having cognitive impairment (OR = 1.07; 95 % CI = 1.00-1.15), while those with a selfreported physical health of poor or very bad had a 456 % increased risk (OR = 4.56; 95 % CI = 1.74-11.96).
Discussion
In consideration of the social and medical vulnerabilities of the public housing residents, as well as the supportive environment provided by the public housing facilities, we anticipated and subsequently found a high level of cognitive impairment. Of the older adult public housing residents who participated in our interview, more than one in four screened positive for cognitive impairment, which is higher than the cognitive disorder prevalence of 10.5 % reported in a prior study of older public housing residents [11] . The estimate of cognitive impairment in our study population may be conservative, however, as it only includes residents who had the cognitive capacity to provide informed consent. Furthermore, if we used either an abnormal clock drawing test or an incorrect three-item recall as an indicator of possible cognitive impairment, 70.4 % screened positive. For comparison, a community sample of older adults aged 75-79 years had cognitive impairment levels of 11.2 % [32] , much lower than in our sample of interviewees with a median age of 66 years. The younger age of our sample makes the elevated levels of cognitive impairment more concerning because, consistent with our findings, one of the most important risk factors for cognitive impairment is increasing age (nearly half of individuals aged 90 years and older have cognitive impairment) [32] .
There are several possible explanations for the high level of cognitive impairment reported in our sample. First, public housing residents are known to have low levels of education and poor physical health, cognitive impairment correlates previously identified in other populations [5] [6] [7] ; in our public housing sample, less education and worse reported physical health were associated with cognitive impairment. Congruent with our findings, a national study of older adults found that worse self-reported general health had a dose-dependent relationship with risk for cognitive impairment [33] . Moreover, hypertension [5, 34] , diabetes [34] , and smoking [34] also have been associated with cognitive impairment, providing further evidence of a link between physical and cognitive health. Second, the social histories experienced by the public housing residents interviewed are important to consider, especially since alcohol abuse is associated with dementia [10] . Third, cognitive impairment often co-occurs with mental illness [9] , the prevalence of which is elevated in this setting [3, 11, 12, 35] . Fourth, most of our study participants were African-American, and African-Americans are at greater risk than whites for cognitive impairment [8] and vascular dementia [36] . In a sample similar to ours in race and age (i.e., African-Americans with a mean age of 69 years), 22 % were suffering from cognitive impairment [37] . Interestingly, based on an arbitrary but typically used P B 0.05 to determine statistical significance, racial status and current anxiety and depression did not distinguish residents who screened positive for cognitive impairment from those who did not. Although not statistically significant (P = 0.071), a lifetime history of substance misuse was more common in residents without cognitive impairment (46.0 %) than those with cognitive impairment (31.4 %), which is unexpected given that alcohol abuse is associated with cognitive disorders [10] . The reasons for these findings are not entirely clear. An important consideration is that both the public housing setting and its tenants are unique. With regard to the public housing P determined using Wald Chi-square tests with 1°of freedom * P \ 0.05; ** P \ 0.01 a Only variables with a P \ 0.10 (based on bivariate analyses) were included in the multivariable logistic regression model; n = 188 e Mean number of health services used by those with and without cognitive impairment was 2.6 and 2.3, respectively residents, nearly half had a history of substance misuse. Prior research of Baltimore and Connecticut public housing residents and our study sample have shown that anxiety [3, 12] and depressive [3, 11, 12] disorders are also elevated. It is possible that these high baseline levels of mental illness may obscure the associations between mental illness and cognitive impairment that were established in other populations. These high baseline levels of mental illness suggest that future interventions targeting cognitive impairment should also consider addressing anxiety, depression, and substance misuse. An additional consideration is that neighborhood social cohesion may alleviate mental illness [38] , and perhaps the public housing setting plays a role in reducing the risk of anxiety and depression among residents with cognitive impairment. Another factor that may contribute to the high prevalence of cognitive impairment is that the public housing residences, although not certified as assisted living facilities, offer a structured and supportive environment for its residents that help those with cognitive impairment to maintain independent living which may not be possible for them in other community settings. The public housing residents we interviewed had ready access to maintenance workers, security, visiting nurses, home health aides, and social workers, as well as highly subsidized rent and utilities. Also, due to the high concentration of socioeconomically disadvantaged older adults, many community programs were readily accessible to these residents (e.g., food programs, transportation assistance).
Further highlighting the services provided in the public housing setting is that in 1992, the US Congress permitted the Department of Housing and Urban Development (HUD) to initiate the service coordinator program in public housing to help residents age in place and live independently. Six-hundred and forty-five HUD-assisted housing projects received funding for service coordinators (i.e., onsite social workers), who were perceived to have prevented early institutionalization for some residents [18] . Cognitive impairment is known to place older adults at greater risk for institutionalization [39] and, because of these supportive services, it is possible that people with cognitive impairment who may struggle living independently in freestanding homes in the community can thrive in the public housing setting and age in place. Indeed, public housing residents with cognitive impairment had less reliance on adaptive coping skills, potentially suggesting an impaired ability to function independently. Nonetheless, they also had less apartment turnover than residents without cognitive impairment (likely partly attributable to the older age of those with cognitive impairment). The public housing environment may have also alleviated some of the need for other service providers because, contrary to our expectations and with the exception of a modest increase in the number of health services used, cognitive impairment status was not associated with increased services utilization. In our experience, the service coordinators appeared to be familiar with many of the residents who had severe cognitive impairment, but were less likely to identify residents with milder forms of cognitive impairment. If the service coordinators were to systematically screen the residents for cognitive impairment, it is possible that the coordinators would identify residents with mild cognitive impairment who could potentially benefit from additional health and social services (e.g., making regular appointments with the primary care provider).
Our study has several limitations to consider. First, defining cognitive impairment is an active area of research [40] , and different definitions of cognitive impairment can lead to widely disparate prevalence estimates [41] . Our study relied on the Mini-Cog to determine the presence of cognitive impairment, which may impact its comparability to other studies. The Mini-Cog, however, includes the clock drawing test, which performs well in groups with limited educations and diverse backgrounds [20] . The sensitivity and specificity for detecting probable dementia in the validation study of the Mini-Cog were high (99 and 93 %, respectively) [19] . The Mini-Cog does not perform as well in detecting less severe forms of cognitive impairment and has a sensitivity of 55 % for identifying individuals with mild cognitive impairment (MCI); specificity was not reported [42] . These data suggest that our study likely did not identify many residents with MCI, but without information on the specificity of the Mini-Cog for detecting MCI, we are unable to comprehensively assess how this impacts our prevalence estimate.
Second, our assessment of cognitive impairment is unable to account for whether the cognitive impairment represents a static (e.g., prior traumatic brain injury) or progressive (e.g., precursor to Alzheimer's dementia) illness. Identification of these two groups could have important implications for provision of on-site services (e.g., transportation) and in-home assistance (e.g., visiting nursing services) in the public housing setting.
Third, this was a cross-sectional study and was unable to evaluate whether variables placed residents at risk for, simply correlated with, or may be a consequence of cognitive impairment.
Fourth, this study occurred in Rochester, NY and had a non-response rate of almost 40 %. Among public housing residents nationally, only 19 % of residents are Hispanic while 47 % are non-Hispanic black [1] , which is relevant because study participation was relatively strong among non-Hispanic and African-American residents. Based on the limited information available on the non-responders, our study thereby had a higher response from non-Hispanic and younger residents, which could limit its generalizability and possibly lead to an underestimation of the prevalence of cognitive impairment. Further assessing the potential impact of non-response bias is difficult, however, due to the wide range of reasons why residents did not participate. Another concern is that the on-site services provided to public housing residents in Rochester, NY may vary from services offered elsewhere. Such factors may impact the ability of residents with cognitive impairment to live independently.
In summary, our study suggests that cognitive impairment may be highly elevated in older adults living in public housing. Our hypothesis that previously identified risk factors would distinguish between those with and without cognitive impairment was partially supported by our findings. Of interest is that anxiety, depression, and history of substance misuse were not associated with cognitive impairment in this population. It is possible that these null findings are either population specific (e.g., high baseline history of substance misuse obscures association) or environment specific (e.g., public housing facility characteristics help reduce risk for anxiety and depression in residents with cognitive impairment). Further investigating which residents with cognitive impairment do and which do not function well in public housing, in addition to examining the individual-and facility-level characteristics that distinguish these two groups, could be of considerable public health relevance with respect to quality of life for those desiring to age in place with cognitive impairment.
The high prevalence of cognitive impairment is also noteworthy because, as a group, public housing residents are socioeconomically disadvantaged and may have few personal resources for managing cognitive impairment. The public housing setting likely offsets some of the resource limitations through the provision of on-site services and inexpensive housing. Since there are increasing numbers of people living with cognitive impairment, better understanding the factors that facilitate the ability of these residents to age in place is needed. For example, while the supportive services in the housing facilities may be a factor in helping residents with cognitive impairment age in place, perhaps equally important is the structure provided in these facilities (i.e., predictable environments with rules to follow, safety, and a sense of someone looking after you) even without specific services being mobilized. Also unclear is how many public housing residents with cognitive impairment have or ultimately will develop dementia. As many older adults live in public housing, knowledge of the progression to dementia in residents and of factors that assist their aging in place would have important policy implications.
